Cervical spondylosis(CS), a most common orthopedic diseases, is mainly identified by the doctor's judgment from the clinical symptoms and cervical change provided by expensive instruments in hospital. Owing to the development of the surface electromyography(sEMG) technique and artificial intelligence, we proposed a convenient non-harm CS intelligent identify method EasiCNCSII, including the sEMG data acquisition and the CS identification. For the convenience and efficiency of data acquisition with the limited testable muscles provided by the sEMG technology, we proposed a data acquisition method based on the relationship between muscle activity pattern, the tendons theory and CS etiology. It is easily performed in less than 20 minutes, even outside the hospital. Faced with the challenge of high-dimension and the weak availability, the 3-tier model EasiAI is developed to intelligently identify CS. The common features and new features are extracted from raw sEMG data in first tier. The EasiRF is proposed in second tier to further reduce the data dimension and improve the performance. With the limited and weakly available data, the gradient boosted regression tree is developed in third tier to effectively identify CS. The EasiAI achieve the best performance with 91.02% in accuracy, 97.14% in sensitivity, and 81.43% in specificity compared with 4 common machine learning classification model, validating the EasiCNCSII effectiveness. Cervical spondylosis(CS) is a degenerative disorder common which affect up to twothirds of the population in their lifetime 1-4 . The CS seriously affect people's physical and mental health and quality of life and increase the burden on individuals and society. What's
more, it leads to the loss of human-related functions and is accompanied by depression, anxiety and other psychological damage. The main complaint of CS is neck pain which is reported by approximate 30-50% from the patients 5 . Meanwhile, the global point prevalence of neck pain was 4.9% and the neck pain ranked 4th highest in terms of disability as measured by YLDs, and 21st in terms of overall burden in the Global Burden of Disease 2010 Study 6 .
The early detection of the CS is critical for burden lighten. As the earlier the disease is discovered, the easier it is to treat, the higher the cure rate is, and the less the patient spend. The CS is a chronic 'wear and tear' degenerative process of the cervical spine that initially is the vertebral bodies and intervertebral disks degeneration in the neck, and can develop into disk ruptures and herniation, osteophyte, compression of the spinal cord, or cervical spondylotic myelopathy(the most important complication of degenerative disease of the cervical spine) [7] [8] [9] . As cervical degeneration worsens, clinical manifestations become more obvious, and the difficulty and cost of treatment increases. In detail, for the patients with the vertebral bodies and intervertebral disks degeneration in the neck, non-operative treatment continues to play an important role in treatment 2 . For the patients with cervical spondylotic myelopathy, surgical treatment have been conventional means but may lead to significant problems including adjacent level 2, 10 .
Due to the complex of the pathogenesis and clinical symptoms of the CS, the identification of CS is a sophisticated and complicated work. A large number of auxiliary inspection methods are used to assist the identification. The following methods [11] [12] [13] [14] [15] [16] included in the domestic and foreign objective examination of the CS are clinical examinations, spinal angiography, vertebral artery angiography, X-ray, computed tomography(CT), and magnetic resonance imaging(MRI), etc. Most of them depend on expensive medical instruments in hospital to directly observe the physical changes in the spine and ancillary structures. However, the physical changes above can cause chronic dysfunction as well as pain 17 , leading to anomalous pattern of muscle activity [18] [19] [20] [21] [22] [23] [24] . And when the muscles are activated in the activity, the Motor Unit Action Potential Trains(MUAPTs) are generated by motor units, superimposed on the surface of the skin and form a non-stationary week signal which can be acquired by the sEMG device and generate electromyography. The relevant works [18] [19] [20] [21] [22] [23] [24] demonstrated that there are differences in sEMG signals between population with cervical musculoskeletal disorders or neck pain and the healthy. Thus, it provides a chance that we can explore the relationship between sEMG signals and CS to identify CS. Benefit from the development of sensors technology, sEMG device become more portal and more cheaper, promoting the sEMG technology to become a competitive choice for the convenient CS identification. The sEMG have attracted a lot of attention in muscle function assessment 25, 26 , muscle activity assessment 20, 21, 23 , rehabilitation effect tracking 27 and rehabilitation guidance 28 . Meanwhile, the development of machine learning has made great progress in medical [29] [30] [31] [32] . With the convenient of sEMG technology and the development of artificial intelligence, the convenient, no-harm, intelligent CS identification method can be considered.
The data acquired by portal sEMG device present a huge challenge to the identification of CS. The high-dimensional sEMG data can cause dimensional disaster which decrease computational efficiency, increase memory storage requirements, and cause overfit. Faced with the high-dimensional data, feature extraction and feature selection, which are effective means of data preprocessing, have the advantages of improving model performance, increasing computational efficiency, decreasing memory storage requirements, giving model better readability and interpretability, and building better generalization model 33 . Besides, the data shows weak availability of faulty, redundant, insufficient, sparse distribution since the data acquisition is susceptible to external factors in non-lab environments by portal sEMG device. So a powerful machine learning model should be considered. Ensemble learning containing a number of weak learners can not only learn linear and complex nonlinear function but also boost weak learners which are slightly better than random guess to strong learners which can make very accurate predictions 34 . The gradient boosted regression tree (GBRT), one of powerful ensemble learning, has been successfully used in classification task [35] [36] [37] [38] . And it is a competitive choice for the classification task on limited weakly available data.
In this work, we propose a new convenient, non-harm and intelligent method EasiC-NCSII to identify CS based on sEMG and machine learning as the Figure 1 shown. The method mainly consist of data acquisition and CS identification. For data acquisition, we proposed a convenient, time-saving data acquisition method. The subject only need to spend less than 20 minutes independently completing a set of simple movements according to instruction(see the Supplementary for the instruction of data acquisition), after connecting the portal sEMG device to the laptop and subject's neck muscles. The relevant data is uploaded to the intelligent processing terminal while being collected by the sEMG device. For CS identification, the EasiAI model based on 3-tier architecture, was developed to identify After connecting the sEMG device to the subject's neck muscles above as well as the laptop, the data acquisition begins. The subject performed the 7 movements according to instruction(see Supplementary for the instruction of data acquisition). After data acquisition, we obtain 7 multiple high-dimensional time series data from a sample, each of which is generated from the movement A i and represented as S i . The S i is expressed as Equation 1 . The S i,j denotes the sEMG signals collected from the muscles M j activated by movement A i , expressed as Equation 2.
Here, S i,j converted from the electrical signal are high dimensional time series data. The p n is a value of S i,j . Comparing with support vector machines(SVM), Logistic regression(LR), Na-tiveBayes(NB), random forests(RF) The identification of CS is a task of classification.
Feature extraction
Faced with limited data, we chose the following four models that are often used, which include support vector machines(SVM), Logistic regression(LR), Native Bayes(NB), and random forests(RF). We validate the effectiveness of the EasiAI by comparing the EasiAI with SVM, LR, NB and RF, on test set 3 in the same classification task, using five-fold crossvalidation. As shown in larger than the smallest one. Besides, the curves of sensitivities and specificities of models above are shown in Figure 2 . Most of the sensitivity and specificity point falls below the red curve of EasiAI, especially between point a and b. The EasiAI achieve a best performance compared with RF, SVM, LR and NB with the metrics above.
Analysis of learned knowledge about CS
The EasiAI achieved high accuracy in identifying CS, so we believe that the features in final model play an important role in the classification. And the informative knowledge about the CS can be learned from the feature distribution in muscles and movements. In order to further analyze the feature distribution above, the number 4 distribution and importance 5 distribution of the features in the muscles 3 The test set only includes the 282 features which are selected from the 2949 features by the EasiRF. 4 The feature number is the number of features extracted from muscles or movements. The more the features that are distributed on the muscle(movement) are, the stronger the muscle(movement) have the ability to identify CS, the more the muscle(movement) have differences between the healthy free from the CS and the CS suffer, the more the muscle(movement) is related to CS. 5 The importance are the contribution to the performance of task above in the training model. The more important the features from the muscle(movement) are, the stronger the muscle(movement) have the ability and movements are plotted as units of the heat map in Figure 3 . The darker the color of the unit is in Figure 3 , the more the features on the unit are in Figure 3 (a) , and the more important the features on the unit are in Figure 3 imaging information 16, 51 . Currently, the clinical symptoms examination are performed by experts or doctors in the form of the inquiry. The images examination 6 mainly depend on observation of the physical changes in spine and its subsidiary structure by imaging instruments to identify CS. The EasiCNCSII depend on detecting abnormal sEMG signal associated with muscle activity to identify CS. We compare the practicality of the EasiC-NCSII with the inquiry, imaging method as shown in table 3. The inquiry method is easiest and fastest. However, the method is suitable for population with obvious symptoms, for example severe pain, since information is mainly determined by suffer's subjective feelings and judgment. And it needs the help of the doctor and auxiliary equipment to accurately identify CS. The images examination is the essential CS examination currently. However, its cost is relatively high and it is time-consuming considering time spent to go to the hospital and wait for the results which requires the intervention of doctors or experts. What's more, it can not be used frequently with concern on health since the frequent use of imaging instruments can put a strain on the health, for example the radiation. Compared with inquiry and imagines examination, the EasiCNCSII is an best choice to identify CS outside the clinic with the advantage of easy use, low cost, no-harm. Due to the intelligent algorithm, users can get results quickly after examination. What's more, combined with mobile application and wearable sEMG acquisition technology, the EasiCNCSII potentially provide low-cost convenient universal access to indispensable care outside the clinic, and even promote the development of telemedicine, especially in areas short of medical resources.
To our best knowledge, previous research on CS identification based on the sEMG and machine learning are few, so there is a lot room for improvement. Traditional classification or regression algorithms can achieve good performance when fed with a wealthy of high quality data. However, the amount of data is limited and the data dimension is high. Besides, data acquisition is vulnerable to the environment so that there are some poor quality data collected by portal sEMG. The EasiAI can handle these influences by boosting multiple weak learners to reach higher prediction accuracies. Compared with the RF, SVM, LR and NB, the EasiAI can achieve best performance, and can identify complex crowd with low missed diagnosis rate. It is hardly to fully understand the relation between CS and the sEMG signal from the activity of the deep and shallow muscles with the limited data, but the data-driven machining learning can achieve better performance with more accumulated data, and can accelerate our understanding of the principles behind the CS identification to assist diagnosis and guide treatment. We are looking forward to more convenient and intelligent applications in CS studies. In order to identify CS, the selected movements should meet the following requirement.
Methods

Cohort description
The movement can maximally activate muscles to produce the most obvious sEMG signal which is easily collected by sEMG device and have the most significant difference between CS suffer and the healthy free from the CS. Since it is hardly to fully understand the principles between sEMG signals and the activity of the deep and shallow muscles to our best knowledge, so all the movement activating the muscles above need to be considered. show whether the subject suffer from the CS, is generated and returned to the subject. The lightweight algorithms can be integrated into the user end, and quickly return report to subjects without concerns on privacy. 
Set the number of the RF with (50 + N um * 5).
10:
Run the RF with DS, output the features and its importances.
Put the 25 the most important features into F eaSet t
11:
F eaSet j = F eaSet j ∪ F eaSet t
12:
N um = N um + 1 13: end while 14: F eaSet = F eaSet ∪ F eaSet j 15: end for 16 : return F eaSet are implemented by the scikit-learn(0.19.1) and the python (version 3.6.0). The laptop and sEMG device which used to collect the sEMG signal are provided by Wireless Sensor Network Lab(this research does not develop the hardware). The EasiAI is deployed in the laptop with the CPU of i7, the memory of 8GB and operating system of 64-bit.
Code availability After we reorganize the codes of EasiAI, the source codes will be available at github. Currently, it is available from wangnana@ict.ac.cn on reasonable request.
Data availability
The raw sEMG data supporting this study are not publicly available due to user privacy, but are available from the corresponding author on reasonable request.
However, the data set, which are extracted from raw sEMG data by the feature extraction 
